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Testing, 1, 2, 3, 
Teachers are constantly being re-
minded of the importance of making 
evaluations of student achievement. 
Evaluations should be made both for 
the measurement of the progress of 
the pupil and for determining the ef-
fectiveness of the teacher himself. 
Methods, tools, and techniques for 
making these evaluations are topics of 
common interest and continuous dis-
cussion in the teaching fraternity. 
Time and space will not be taken 
to review the types of objective tests 
and the pros and cons of subjective 
and objective evaluation although it is 
hoped that the reader will quickly re-
flect upon these as background for 
this discussion. A slight modification 
of the association type of objective 
tests and a simple homemade answer 
sheet will be given here. 
It should be pointed out that most 
teachers find it very hard work and 
exceedingly time consuming to make 
multiple-choice questions with either 
four or five responses. The accepted 
answers must not be ambiguous but 
should require good, careful discrimi-
nation. None of the foils, or wrong 
answers, should be irrelevant for then 
they are quickly ruled out and they 
become a waste of time and space. 
Also, to some extent wrong answers 
are objectionable because, like the 
wrong answers in true-false tests, they 




the mind of the student, particularly 
if he has selected them as his answers. 
We believe that some of the objec-
tions to the multiple-choice type of 
items have been eliminated or at least 
materially reduced by extending the 
use of association or matching in tests. 
Contrary to the opinions expressed by 
some people we have found that 
blocks of ten responses may often be 
used satisfactorily and that the blocks 
of the stems of the questions may de-
sirably be a greater or smaller num-
ber than the answers with which they 
are to be associated. We seldom use 
the same number because we do not 
want the students to develop a habit 
of expecting to find a one-to-one re-
lation in the questions and answers. 
Mechanical selection is further dis-
couraged and more thoughtful choice 
and discrimination required by using 
some items in either b:ock more than 
once or even not at all. 
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Association tests are particularly 
simple and effective when testing for 
words and other types of symbols. An 
example with chemical symbols is 
given to show the adaptation to a 
ten-space answer sheet and to em-
phasize the suggestions of the previ-
ous paragraph. Students may be ad-
vised that there is not a one~to-one 
matching, but it should not be neces-
sary if they have not already been 
taught to expect it. If they are being 
taught to read carefully, it is obvious 
that there are eleven questions and 
only ten possible answers . Close ob-
servation and careful interpretation is 
especially important in science and it 
should be taught in reading as well as 
in the laboratory. 
Symbols for the Elements 
In questions 11-21 associate the names of the elements with the symbols in 
the column to the right. Mark the answer space number which corresponds 
to the number of the symbol you select. 
11. Aluminum 1. Ag 
12. Chlorine 2. Al 
13. Magnesium 3. Hg 
14. Mercury 4. K 
15. Potassium 5. Mg 
16. Silver 6. Si 
17. Sodium 7. So 
18. Sulfur 8. Su 
19. Silicon 9. Sn 
20. Tin 10. None of the others 
21. Zinc 
With an understanding that an answer may be used more than once the 
association test becomes a good objective testing device for describing and, 
or, comparing terms and concepts. For example: 
Characteristics of Individual Planets 
Associate the terms to the right with the statements 27 -45. 
27. Has the largest number of satellites 
28. Has a thin system of rings around it 
29. In physical characteristics more like the earth than 
any other planet 
30. The first discovered by telescopic observation 
31. Shows green areas which some people surmise may 
be due to lichens 
32. Fourth in order of distance from the sun 
33. Has a diameter about eleven times that of the earth 
34. "Bright Evening Star" 
35. Has both rings and satellites moving around it 
36. Most recently discovered planet 
37. May transit the sun ( two possible answers, mark both) 
33. Discovery of phases important historically 
39. Ceres and Vesta 
40. Planet nearest the sun 








7. Planetoid (s) 
8. Mercury 
9. Uranus 
10. None of 
the others 
42. Deimos and Phobos 
43. Through the telescope shows more surface features 
than any other planet 
44. Can never be seen at midnight ( two possible 
answers, mark both) 
45. Has the most extensive atmosphere 
Our experience is that the ten-op-
tion answer sheet works admirably 
also in testing the student's ability to 
make applications both those in which 
the principles and the practical appli-
cations are associated and those in 
which the more theoretical extensions 
are involved. It also reduces the haz-
ard of not giving credit for a student's 
corre:::t thinking when his response is 
not the particular one that the in-
structor or test writer had in mind. 
For example, the test writer may 
have designed a question on the Car-
tesian Diver expecting a response of 
Archimedes Principle. The student 
may han observed a change in vol-
ume of air when the pressure is ap-
plied and recognized the Boyle's Law 
application. As a matter of fact it is 
possible to see in the Cartesian Diver 
at least six, seven, or eight laws or 
principles depending upon the com-
pleteness of the explanation. With the 
ten-option answer sheet, any number 
of these plus some wrong answers can 
be listed in the answers block and 
credit given for all of the right an-
swers. To prevent the student from 
marking everything, he is advised 
that deductions will be made for 
wrong answers. We find that students, 
and some teachers, do not like this 
procedure because of the uncertainty 
in the number of answers they are ex-
pected to find. This is just the reason 
we like it. An individual should learn 
that there is seldom only one answer 
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or only one cause in any situation, 
physical or social, and he needs to 
look for all of the possibilities and in-
cidentally to realize that he may not 
recognize them all. 
A further outcome of the variable 
number of possible answers is that it 
has helped to increase the range of 
total points made by the students and 
therefore made it easier to establish 
grades. The maximum number is es-
tablished by the instructor in making 
his scoring key but there is a greater 
variation in student scores because 
students will differ in their ability to 
read and interpret as we] as differ 
in the number of things they have 
memorized. We believe that both of 
these deserve credit. 
It should be obvious that a number 
of questions on applications can be 
based upon the same block of princi-
ples as answers. Also it is possible with 
this kind of test arrangement to use a 
wider spread of stems and a wider 
spread of answers since the correct 
answers to some questions become the 
foils for others. In addition the odds 
in guessing the answer with this ar-
rangement are very small. 
One further example will be given 
in which some critical thinking and 
ability to make judgments is involved. 
Since this involves more possibilities 
for difference of minds in arriving at 
logical conclusions, more latitude is al-
lowed in scoring as is indicated in the 
test instructions. 
Test on Methods of Science 
Associate the items 71 to 82 with 
the various aspects of the methods of 
science indicated in the column to the 
right. 
While it is possible that all of the 
methods of science may be involved 
71. Your experiment with a set of ob-
jects ( blocks, rods, nails or rocks) 
72. Your experiment on the telescope 
73. Your experiment with the balance 
74. Your experiment with thermome-
ters 
75. Your experiment on spectra 
76. Your independent investigation 
77. Miilikan and his oil-drop experi-
ment 
78. Dalton's atoms 
79. Rutherford and the scattering ex-
periments 
80. Discovery of the periodic ar-
rangement of the elements 
81. Discovery of radio-activity 
82. The geological time calendar 
A copy of our answer sheet is 
shown. It is obvious that it can also 
be used for the conventional multiple-
choice and true-false items. We used 
parentheses marks on a regular type-
writer for several years before we rea-
lized that this neat form can be made 
easily with a chemistry or mathemat-
ics keyboard. Both of these keyboards 
include brackets, smaller case num-
bers, and a half-line ratchet. Each 
line is produced simply by putting one 
bracket mark across the line at the 
properly counted positions, repeating 
the same positions with the other 
bracket mark, and then on the half 
line above repeating the same posi-
tions with the smaller case numbers. 
We use a regular IBM punch on one 
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w some extent in many of the ques-
tion items, each question has been se-
lected because of the predominance 
of one of them. Select the best. 
You may mark two but only one 
will be counted. Deductions will be 
made for more than two marks. 
1. Sensory observations only 
2. Standardizing instruments 
3. Experimental design 
4. Deductive reasoning 
5. Induction and classification 
6. Induction of subgeneralizations 
7. Cause-effect relations 
8. Revision and reinterpretations 
9. Testing hypotheses 
10. Verification of accepted laws and 
principles 
answer sheet to make the scoring key 
for hand scoring. We have never tried 
to adapt it to machine scoring but as-
sume this can be done. 
Several additional observations may 
be of interest. 
We expected that the ten-option as-
sociations would be a little more con-
fusing and require more time of the 
student. We are convinced that the 
opposite is true. Previously we were 
giving one-period ( 50 minute ) tests 
with the maximum number of items 
in the sixties. Now we find that we 
can go to a hundred in the same peri-
od of time with apparently the same 
completion of the test and the same 
student ease or exhaustion, whichever 
it is. We believe this is due to the 
Date ____ _ 
Seat No . ___ _ 
1 H H Ho H D0 
2 DH H n n O 0° 
3 o ~ n n a ~ a n o 0° 
4 o ~ a n a ~ a fl o D0 
5 D~ano~anor 
6 D ~ n n a ~ a n o 0° 
7 o H H H n D0 
8 o H nan n D0 
9 o I n n a ~ a fl n D0 
10 o H n H Ho D0 
11 o i a n a ~ a n a 0° 
12 o H n n H H 0 
13 a ~ a n a ~ □ n a o 0 
14 o ~ n n a ~ □ ~ a 0° 
15 o i a n a ~ a ~ ij o 0 
16 0 I ll ll a ~ ~ n D 0° 
17 0 ~ a n il ~ a n ~ \0 
18 o i n n a ~ o ~ ~ 0° 
19 0 ~ a n a ~ a n O !0 
20 o ~ a n a ~ o n o 0° 
21 o ~ a n a ~ □ n o o' 
22 o ~ a n a ~ a n ~ r 
23 o ~ a n a ~ a n o 0° 
24 i .i a u a ~ □ n o 0° 
25 o □ a o a ~ a n o o 0 
26 o □ on an n 0° 
27 o □ a n a ~ a n o 0° 
Name _____ _ 
Teat No. __ Score __ 
2e o I n n a ~ o fl a D0 
29 o o a n a ~ a fl o D0 
JO o ~ a n a ~ a n a 0° 
31 o ~ a n a ij a n a o 0 
32 o ~ a n a ij a n a 0° 
33 o ~ n o a ij a n a 0° 
34 o ~ a n a ~ a n a 0° 
35 o ~ an a ij a n a 0° 
36 D i a n a ij a n a 0° 
37 o i n n a ~ a n a 0° 
)8 n i a t c ~ a n a 0° 
39 ~. i a n a t a n o 0° 
40 o □ a n c ~ a n a 0° 
41 ~ ~ a n a ~ a n ~ 0° 
1,2 o ~ a n a ~ a n a 0° 
43 □ o a n a n a ~ a 0° 
41, o i u n a ~ a n o o 0 
4:, i i rr n a ~ a n a 0° 
.6 i i ~ n c ~ □ n a 0° 
.7 a i n u o ~ a n o r 
48 o I a o a ~ o ij o D0 
1,9 o ~ a a a ~ a n a 0° 
50 o □ a n ~ ~ a n o o 0 
51 o □ a □ n ~ a n a 0° 
5, a ~ a o a ~ a n o 0° 
53 o □ a n a ~ a n □ 0° 
5,. o □ a n a ~ □ n a o 0 
55 o i n n a n o n ~ a 0 
56 o ~ a n a ~ o n a 0° 
57 o i a o a ~ a n a o 0 
58 o ~ a n a ~ a n a o 0 
59 0 I ll n ll ~ 0 n O 0° 
60 o I a n o ~ o ij o 0° 
61 o i ~ o n ~ a n a 0° 
62 H H H H 00° 
63 o □ a o a ~ a n □ 0° 
64 o ~ n a a ~ a n o 0° 
65 o ~ rr a c t a n o 0° 
66 o ~ n n fl ~ a n □ 0° 
67 o ~ a a o n n n a i 0 
68 o ~ n □ u ~ o fl o 0° 
69 oiat~~n~ua° 
70 oHannnr 
n o n a TI a ~ a fl o \0 
72 a ~ □ n a fl a ~ a 0° 
73 a ij o n fl ~ ·1 ~ n 0° 
74 H Hon o no 0° 
75 o ~ a n a ~ o ~ ~ 0° 
76 a ~ a 1 a fl o a a 0° 
77 □ iaon~ □ ijof 
78 o i o o n ~ n ij o 0° 
79 o I o TI n fl □ ~ o 0° 
so o i a o n ~ a ij a 0° 
~,. o □ a n n ~ □ ij o 0° 
fact that less time is required to read 
and study the foils and also with this 
format the student's mind is more eas-
ily concentrated on an area of knowl-
edge than it is with the multiple-
choice questions. 
bered ten statements which contribu-
ted to our concepts of atoms. Ques-
tions such as the following were then 
asked. Which of these are found in 
the history of the Greeks? Which are 
pre-19th century? Which were avail-
able for the Dalton synthesis? We believe that questions involving 
historical developments, conceptual 
schemes, and creative thinking can be 
framed into this type of testing. For 
example, we have listed and mun-
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Or from another list of- ten state-
ments, which were important in the 
development of the phlogiston theory? 
Which might have been explained by 
the phlogiston theory? Which were 
important in discarding the phlogiston 
theory? From a list of brief statements 
about important experiments, select 
the experiment which you think made 
the most significant contribution to 
the kinetic-molecular theory of matter. 
Then, the next numbered question, 
select the experiment which made the 
next most significant contribution. In 
actual scoring we allowed credit in all 
questions for any one of three which 
we thought were the most significant 
for either question. 
It might be added that this type of 
question has one advantage for stu-
dents which is an inescapable diffi-
culty with essay questions. It may 
help the student to recall things which 
Two NSTA Publications 
Called 'Popular Sources' 
An opinion survey recently released 
named Science and Children and The 
Science Teacher, two publications of 
NST A, as the most popular sources of 
information with science teachers on 
availability of materials from industry. 
The survey, sponsored by a grant 
from the Jim and Ada Irving Founda-
tion of Stoughton, Wisconsin, and re-
leased by the Science Mate1ials Re-
search Committee, sampled the opin-
ions of some 2,000 science teachers in-
structing at the kindergarten to grade 
twelve levels. The teachers were 
queried on the extent and sources of 
business and industry's contribution 
to classrooms and labs in free and 
low cost materials. 
Teachers named professional jour-
nals and publications as the most val-
uable source of information on com-
he may know but which may not come 
to mind when he is facing a test. He 
still has to decide whether it is to be 
used in marking the answer. Let there 
be no impression from these comments 
that we do not believe in essay ques-
tions. We use them when we can and 
believe there is no better learning ex-
perience than for one to express his 
ideas both in written and oral lan-
guage. 
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Objective tests also have their dis-
tinct advantages and they are practi-
cally indispensable for handling large 
groups of students. The final state-
ment is that our experience with the 
ten-space answer sheet leads us to be-
lieve that it is the most useful device 
we have found for objective testing. 
mercial materials available to them. 
The two NST A publications were 
mentioned most frequently by those 
teachers naming their sources spe-
cifically. 
The Science Materials Research 
Committee-nine nationally known 
science educators-discovered many 
teachers feel industry's aid to educa-
tion in the realm of low cost materials 
is inadequate and often overcom-
mercialized. 
Eight annual issues of Science and 
Children are available to individuals 
at $5 per year, and to libraries and 
institutes at $4. Individual subscrip-
tions to The Science Teacher entitles 
the subscriber to nine issues of the 
publication for $10, while the library 
and institutional rate is $8. 
The fifty-two-page report is avail-
able for $1 from the Jim and Ada Irv-
ing Foundation, RFD 2, Stoughton, 
Wisconsin. 
